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■ 

Radiolabeled Compositions for PET Imaging, Tlhieir Precursors amd Methods for their 

Use. 



Introduction 

♦ 

■ 

Positron Emission Tomography (PET) is a technology that relies upon the injection of short-lived • 
radionucleotide labeled tracers to examine metabolic processes in the body. Once injected these 
tracers (which have a relatively short half-life) allow the functioning of the metabolic processes 
under investigation to be monitored with a PET camera. Changes, potentially caused by the onset 
of disease can be detected by this technique before the onset of physical changes that can be 
visualized by scanning techniques such as MRL The major clinical applications for PET include 
oncology, neurology, and cardiology. 

The invention described herein comprises technologies that relate to the synthesis of a synthon that 
can: 

a) be readily attached to any molecule of choice provided the appropriate linker chemistries, 
and 

b) can be then used to introduce the radioisotope 18 F for use in PET studies. 

Throughout this application *fluorine and *fluoride represent a composition of fluorine that is 
isotopically enriched in the 18 F isotope. Within equations and figures the symbol *F is used to 
represent a fluorine (or fluoride *F) atom in a molecule that is enriched with, or synthesized to 
newly possess the 1 8 F isotope. 

Summary of Invention 

The invention described herein describes radiolabeled compositions that contain either boron- 
fluorine- 18 or silicon-fluorine-1 8 covalent bonds where the composition is used for PET imaging. 
. Also contemplated are stable precursors to the synthesis of such radiolabeled compositions and 
methods for producing both the radiolabeled and precursor compositions. 

Brief Description of Invention 

It is an object of this invention to provide compositions of matter that can readily be chemically 
transformed such that they incorporate fluorine atoms that are isotopically labeled with 18 F. It is a 
further object of this invention to generate these compositions with an eye to first covalently 
conjugating them to any so called biomolecule of physiological interest, to form a so-called 
bioconjugate. Following the optional purification of these bioconjugates and verification of activity 
in-vitro, these bioconjugates can then be fluorinated in a second step, where the composition of 
such various compositions of matter provides for quick, quantitative, and facile fluorination. 

It is a further object of this invention to provide I8 F-radiolabeled compositions for use as imaging 
agents in positron emission tomography. 

In accordance with one aspect of the invention there is provided a composition of one of the 
following general structures: 
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OWRM^Y & ( L )"-( R )^x- Y -Biomoleoule 

Where, 

G is either a boron (B) [m = 0 or 1 , or 2, or 3; n - 0 or 1, or 2; m + n = 2 or 3] or silicon (Si) [m = 1 
or 2 or 3; n = 0 or 1 or 2; m + n = 3] atom. 

L are independently suitable leaving groups that can be displaced by fluorine upon treatment with a 
fluorinating agent, where L is attached to G. 

X is an optionally substituted or unsubstituted; linear, branched, or cyclic; saturated or unsaturated, 
hydrocarbon, heteroatom, or non-carbon containing group that links G to Y. 

R is an optionally substituted or unsubstituted; linear, branched, or cyclic carbon skeleton; that may 
be saturated or unsaturated, optionally interrupted by other non carbon atoms that may be 
protonated as normal valence bonding would permit, or linked to other atoms as normal valence 
bonding would permit. 

Y is an atom or group of atoms that can form a bond to a so-called biomolecule under appropriately 
mild conditions. , 

Biomolecule = a suitable biomolecule or synthetic equivalent of physiological interest as defined 
below. 

Boronation = a general process that refers to the attachment of a boron-containing molecule onto a 
biomolecule for the eventual and ultimate labeling of the biomolecule with fluoride. Preferred 
embodiments of this are detailed below. 

■ 

In another aspect of the invention there is contemplated the method of treating these molecules with 
a fluorinating agent that is enriched in the 18 F isotope to form isotopically labeled compositions. 

In yet another aspect of this invention there is contemplated the radiolabeled compositions resulting 
from the fluorination of the precursor molecules. 

The use of the isotopically labeled compounds in positron emission tomography (PET) is a further 
aspect of the invention described herein. 

Detailed Description of Invention: 

The invention contemplates the precursor molecules of the following general structures. 

(LUR^y & < L w R >^ x ^ Blomolecule 

Where 

G is either a boron (B) [m = 0 or 1 , or 2, or 3; n = 0 or 1 , or 2; m + n = 2 or 3] or silicon (Si) [m = 1 
or 2 or 3; n = 0 or 1 or 2; m + n = 3] atom. G is most preferably boron (B). 
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L are independently suitable leaving groups that can be displaced by fluorine upon treatment with a 
fluorinating agent. Suitable leaving groups include, but are not limited to, any single, saturated or 
unsaturated, branched, or linear combination of carbons, hydrocarbons, alkoxides (-OR), 
hydroxides (-OH) or equivalently alcohols (HOR) or water (H 2 0), nitrogen (-NH 2 , -NHR, -NR 2 , - 
NHR + , -NR 2 + , -NH 3 + , -NH 2 R + , -NRa*) phosphorus (-PH 2 , -PHR, -PR 2 , -PHR*, -PR 2 + , -PH 3 + , -PH 2 R + , 
-PR 3 + ), sulfur (-SH, -SR), sulfone (-SOR), or sulfoxide (-S0 2 R) liganded atoms (where R is any 
chemical group). L may also be either CI or Br. In the boron case where m =0, m represents a 
covalently unoccupied pole in the trigonal planar representation of boron which can be occupied by 
an 18 F fluorine atom. In preferred embodiments L = an alkylether group that leaves as either an 
alkoxides or as an alcohol. In preferred embodiments multiple L may be linked together to form a 
bi or tridentate ligand to boron. A preferred bidentate leaving group would be "O-Z-O" . Where Z is 
a saturated or unsaturated, optionally substituted 1 to 4 carbon chain. In the current embodiments Z 
is -CMe 2 -CMe 2 -. 

X may be absent or is an optionally substituted or unsubstituted; linear, branched, or cyclic; 
saturated or unsaturated group that links G to Y. X may incorporate groups of varying composition 
that include any composition of alkyl chains, aryl rings, amides, esters, ethers, thioethers, 
sulfoxides, sulfones, amines, heterocycles of with varying compositions of C, N, H, S, O, CI, Br, I, 
F, into an optionally substituted, linear or branched, saturated or unsaturated alkyl chain. In 
preferred embodiments X contains an alkyl, alkenyl, alkynyl, or aromatic group that links to G. 
The carbon chain of X may be optionally interrupted by one or more O, N, S, or Si atoms as 
permitted by normal valence bonding rules. 

Y is a group that can form a bond to a biomolecule under appropriately mild conditions. Typically 

Y will contain an electrophilic activating atom, likely to be a carbonyl or a phosphate group, and 
will react with a nucleophile on the biomolecule such as a nitrogen or sulftir atom. In preferred 
embodiments Y can be, but is not limited to, an aromatic aldehyde, N-hydroxysuccinimidyl ester 
group, bromoacetyl or maleimide.. Y may be a suitable, nucleophile activated in cases where the 
biomolecule contains the mentioned electrophiles through which conjugation to Y is achieved. In 
other embodiments, Y may include, but is not limited, to haloacetyls, haloketones, sulfonylhalides, 
amines of primary, secondary, tertiary nature, alkyl and aryl nitriles, alkyl and aryl azides, alkyl and 
aryl diazonium salts oximes, hydroxylamines, maleimides, aminoxyls, hydrazines, hydrazides, 
phosphates, phosphoramidites, phosphines and related trivalent phosphorous compounds, 
thiophosphates, phosphomorpholidates, phosphoimidazolides, and other activated phosphates, 
sulfonates, sulfonylhalides, hydroxyls, thiols/mercaptans, thioacids, disulfides, alkylhalides of 
primary, secondary, tertiary nature, arylhalides, aldehydes, ketones, carboxylic acids and related 
activated carboxylic acid forms (e.g. NHS esters, HOBt esters, acylpyridiniums, azides, and 
halides), or any other precursor that can be converted to the aforementioned functionalities for 
linkage to a so called biomolecule. 

R are independently aliphatic (alkyl) (CH 2 ) S (s = to 0) or aryl (CeHs) groups optionally interrupted 
by oxygen (-O-) groups or aryl (CeHs) groups substituted by a zero to 5 number of hydroxyl, alkyl, 
aryl, thio, thioether, amino, azo, hydrazino, ester, amide, carboxyl, carboxylate, phosphate, 
sulfoxide and/or sulfonate groups. The saturated or unsaturated chain of R may be optionally and 
independently substituted by any number of hydroxyl, alkyl, aryl, thio, thioether, amino, azo, 
hydrazino, ester, amide, carboxyl, carboxylate, phosphate, sulfoxide and/or sulfonate groups. 
Alternatively, R may include primary (NR') 5 secondary (NR 2 ')» or tertiary (NR3' 4 } amine, imide, or 
imid group (not excluding any nitrogen containing heterocycles), which may be substituted by any 
number of a hydroxyl, alkyl, aryl, thio, thioether, amino, ester, amide, carboxyl carboxylate, 
phosphate, sulfoxide and/or sulfonate groups. 
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Biomolecule is a biomolecule, or analog or derivative of a biomolecule, or other molecule that may 
be delivered into a human or animal in order to track or image the biomolecule' s distribution within 
the human or animal via positron emission tomography. In preferred embodiments the word 
"biomolecule" pertains to any molecule of medical or scientific significance. Preferred examples of 
so called biomolecules may include, but are not limited to, peptide hormones, antibodies, aptamers 
and oligonucleotides, proteins, peptides, oligodeoxyribonucleotides, lipids, hormones, drugs, 
polysaccharides, liposomes, micelles, microsomes, magnetic particles, metal chelators, 
oligoribonucleotides, oligonucleotides and related analogs bearing modifications in the backbone, 
nucleobase, or phosphate linker regions that enhance stability or modulate specificity, 
peptidomimetics, dendrimers, drug delivery agents, nanotubes, fullerenes, virus particles. 

Also contemplated within the scope of this invention are radiolabeled compositions of the 
following general formula. 



(*F) q (L) r (R) n G Y 

X 



p- 



v /qv /rv /n^ x / ^Biomolecule 



Where 

G is either a boron (B) [q = 1, 2, or 3; r = 0 or 1, or 2; n = 0 or 1, or 2; q + m + n = 2 or 3] or silicon 
(Si) [q = 1, 2, or 3; r = 1 or 2; n = 0 or 1, or 2; q + m + n = 3] atom. G is most preferably boron (B). 

L are independently suitable leaving groups that can be displaced by fluorine upon treatment with a 
fluorinating agent. Suitable leaving groups include but are not limited to, any single, saturated or 
unsaturated, branched, or linear combination of carbons, hydrocarbons, alkoxides (-OR), 
hydroxides (-OH) or equivalently alcohols (HOR) or water (H 2 0), nitrogen (-NH 2 , -NHR, -NR 2 , - 
NHR + , -NR 2 + , -NH 3 \ -NH 2 R + , -NR 3 + ) phosphorus (-PH 2 , -PHR, -PR 2 , -PHR + , ~PR 2 + , -PH 3 + , -PH 2 R + , 
-PR 3 + ), sulfur (-SH, -SR), sulfone (-SOR), or. sulfoxide (-S0 2 R) liganded atoms (where R is any 
chemical group). L may also be either CI or Br. In the boron case where m = 0,m represents a 
covalently unoccupied pole in the trigonal planar representation of boron which can be occupied by 
an l8 F fluorine atom. In preferred embodiments r is zero and no L are present and boron is 
recognized as being tetravalent with the conjugate being considered an organotrifluoroborate in the 
preferred embodiment. 

X may be absent or is an optionally substituted or unsubstituted; linear, branched, or cyclic; 
saturated or unsaturated group that links G to Y. X may incorporate groups of varying composition 
that include any composition of alkyl chains, aryl rings, amides, esters, ethers, thioethers, 
sulfoxides, sulfones, amines, heterocycles of with varying compositions of C, N, H, S, O, CI, Br, I, 
F, into an optionally substituted, linear or branched, saturated or unsaturated alkyl chain. In 
preferred embodiments X contains an alkyl, alkenyl, alkynyl, or aromatic group that links to G. 
The carbon chain of X may be optionally interrupted by one or more O, N, S, or Si atoms as 
permitted by normal valence bonding rules. 

Y is a group that can form a bond to a biomolecule under appropriately mild conditions. Typically 

Y will contain an electrophilic activating atom, likely to be a carbonyl or a phosphate group, and 
will react with a nucleophile on the biomolecule such as a nitrogen or sulfur atom. In preferred 
embodiments Y can be, but is not limited to, an aromatic aldehyde, N-hydroxysuccinimidyl ester 
group, bromoacetyl or maleimide. Y may be a suitable nucleophile activated in cases where the 
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biomolecule contains the mentioned electrophiles through which conjugation to Y is achieved. In 
other embodiments, Y may include, but is not limited, to haloacetyls, haloketones, sulfonylhalides, 
amines of primary, secondary, tertiary, or armomatic nature, oximes, hydroxylamines, maleimides, 
aminoxyls, hydrazines, alkyl and aryl diazonium salts, alkyl and aryl nitriles, alkyl and aryl azides 
hydrazides, phosphates, phosphoramidites, phosphines, H-phosphonates and related trivalent 
phosphorous compounds, thiophosphates, activated phosphates such as but not limited to 
phosphomorpholidates and phosphoimidazolides, as well as other activated phosphates, sulfonates, 
sulfonylhalides, hydroxyls, thiols/mercaptans, thioacids, disulfides, alkylhalides of primary, 
secondary, tertiary nature, arylhalides, aldehydes, ketones, carboxylic acids and related activated 
carboxylic acid forms (e.g. NHS, HOBt esters, acylpyridiniums, azides, and halides) or any other 
precursor that can be converted to the aforementioned functionalities for linkage to a so called 
biomolecule. 

R are independently aliphatic (alkyl) (CH 2 ) S (s = 0 to 12) or aryl (CeHs) groups optionally 
interrupted by oxygen (-O-) groups or aryl (C6H 5 ) groups substituted by a zero to 5 number of 
hydroxyl, alkyl, aryl, thio, thioether, amino, azo, hydrazino, ester, amide, carboxyl, carboxylate, 
phosphate, sulfoxide and/or sulfonate groups. The saturated or unsaturated chain of R may be 
optionally and independently substituted by any number of hydroxyl, alkyl, aryl, thio, thioether, 
amino, azo, hydrazino, ester, amide, carboxyl, carboxylate, phosphate, sulfoxide and/or sulfonate 
groups. Alternatively, R may include primary (NR') ? secondary (NR 2 ')> or tertiary (NR 3 ' + ) amine, 
imide, or imid group (not excluding any nitrogen containing heterocycles), which may be 
substituted by any number of a hydroxyl, alkyl, aryl, thio, thioether, amino, ester, amide, carboxyl 
carboxylate, phosphate, sulfoxide and/or sulfonate groups. 

Biomolecule is defined as a biomolecule, or analog or derivative of a biomolecule, or other 
molecule that may be delivered into a human or animal in order to track or image the biomolecule 's 
distribution within the human or animal via PET (positron emission tomography). In preferred 
embodiments the word "biomolecule" pertains to any molecule of. medical or scientific 
significance. Preferred examples of so called biomolecules may include, but are not limited to, 
peptide hormones, antibodies, aptamers and oligonucleotides, proteins, peptides, 
oligodeoxyribonucleotides, lipids, steroid and nonsteroid hormones, synthetic drugs and natural 
products, polysaccharides, liposomes, micelles, microsomes, magnetic particles, metal chelators, 
oligoribonucleotides, oligonucleotides and related analogs bearing modifications in the backbone, 
nucleobase, or phosphate linker regions that enhance stability or modulate specificity, 
peptidomimetics, dendrimers, drug delivery agents, nanotubes, fullerenes, virus particles. 

Also contemplated within the scope of this invention are methods for transforming the precursor 
molecules into radiolabeled compounds suitable for use in positron emission tomography studies. 
The precursor molecules are transformed into the radiolabeled analogues by way of their reaction 
with a suitable source of 18 F isotopically enriched fluorine. Such sources include, but are not 
limited to, HF, KF, KHF 2 , 18 F-enriched metal-fluorine salts, !8 F-enriched salts of quaternary 
nitrogenous bases (such as (Bu) 4 NF), or solutions thereof; and presynthesized derivatives of 18 F- 
labeled boron or silicon (such as Et 2 O.B*F 3 , Isotopically labeled trifluoroboron etherate). The 
fluorinating agent may contain any cosolvents including but not limited to THF, DMF, formamide, 
DMSO, water, methanol, ethanol, DMA, pyridine. Following labeling, excess 18 F may be 
sequestered by addition of other components including but not limited to sliver salts, silicates or 
silanes, and other activated silicon-derived molecules, boronic esters or boronic acids, such that 
these additives react to complex free fluoride and where the complexation reaction is then removed 
by extraction, precipitation, gel-permeation, or other purificative/separative process. Also 
contemplated for fluorination is to link the precursor bioconjugate to a solid support presenting the 
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diol functionality (examples* include but are not limited to dextran, sephadex, polymerized/cross 
linked starch, paper, cellulose, or any diol that is modified with a small tight binding ligand (e.g. 
biotin) that can be captured by a large molecule receptor (e.g. avidin) on solid support) where the 
linkage between the bioconjugate and the solid support is a boronic ester linkage, or other related 
bidentate linkage to boron in keeping with stated compositions for L and R. Fluorination would 
promote release of the labeled biomolecule that would acquire the trifluoroborate component upon 
release. This is envisioned to increase the specific radioactivity during fluorination of the 
biomolecule and to enhance purity of the fluorinated/labeled form leaving residual unlabeled 
species attached to a solid support, in embodiments and applications where this approach is viable. 

As shown in the scheme below, the final useful composition of *F-linker-biomolecule may be 
formed either via the preformation of the linker-biomolecule compound followed by reaction with a 
*fluorinating source, or by the preformation of the *F-linker compound followed by reaction with 
the biomolecule. The former method is preferred for two reasons: 1) ability to prepare, purify, and 
analyze the precursor bioconjugate in bulk to ensure effective coupling and retain bioactivity prior 
to labeling and 2) ability to minimize reaction steps following the incorporation of radiolabel, a 
consequence that is desirable with regard to both safety issues in handling the material and the 
relatively short half-life of l8 F. 



X Biomolecule 



Biomolecule 



*P source 



<L)„(RX,G^ x ^Y 



*F" source 



Biomolecule 



CF) q (L) mKl (R) n G^ x /Y 



Examples 

The following examples are included to illustrate some of the embodiments of the invention 
described herein. These examples should not be considered to limit the spirit or scope of the 
invention in any way. 



Example 1 : 



The following scheme provides examples (compounds 1 to 6) of precursor compounds that 
have the appropriate chemical functionality that will allow them to both be fluorinated at the boron 
atom (upon treatment with an appropriate fluorinating agent) and also react with various reactive 
sites on biomolecules. 



Copy provided by USPTO from the IFW Image Database on 03/09/2005 




^— > 'M v Q l.DCC 



(BrAc) 2 0/pyr 




3 -carboxy Uc acid (amine reactive) 




6 - maleiimide (thiol reactive) 



KN- 



1 - bromoacetyl (thiol, imidazole reactive) 2 - azide (used in Stau dinger ligation) 
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4 - NHS ester (amine reactive) 



H 2 NNH 2 




NHNH 2 



5 - hydrazide (aldehyde reactive) 



Example 2. 

The following scheme illustrates a portion of the synthetic route taken in the synthesis of a 
prototype precursor molecule containing a boronic ester that can be fluorinated. . 



CHC13 >^J 




H 
N 



X° 



>H 

HS — ft — O — DNA 



DMF/ H 2 0 



DNA- 5 , -TTTTCTTTTCCCCCC-3 , 
DNA is our prototype "Biomolecule" 





is our prototype Boron containing molecule 



OH 

S — R — O — DNA 
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Example Materials and Methods: 

♦ 

The synthetic procedures described herein are given for the purposes of example and 
illustration only and should not be considered to limit the spirit or scope of the invention 

1) The Synthesis and Stability of a 19 F-Boron prototype: 

4-Ammoniumphenyl Trifluoroborate. A saturated solution of 4-(4,4,5,5-Tetramethyl- 
l,3,2-dioxaborolan-2-yl) aniline was made up in of methanol (300 \xL, reagent grade). ! H 
NMR (400 MHz, MeOH-dO 5 7.45 (d, JM 8 Hz, 2H), 8 6.62 (d, J=8 Hz, 2H), 8 4.84 (s, 2H), 
8 1.28 (s, 12H). n B NMR (400 MHz, MeOH-d*, BF 2 OEt 2 ref) 8 31.13 (s). Upon room 
temperature addition of an aqueous 48 % HF solution (100 |J,L, 2.76 mmol), instantaneous 
formation of a white precipitate was observed. This white precipitate was filtered and 
washed three times with 300 [XL of ethanol. The solid had a pH of 1 when dissolved in 300 
ML water. J H NMR (400 MHz, D 2 0) 8 7.55 (d, J= 8 Hz, 2H), 8 7.20 (d, J=8 Hz, 2H). n B 
NMR (400 MHz, D 2 0, BF 2 OEt 2 ref) 8 3.57 (s). 19 F NMR (300 MHz, D 2 0, TFA ref) 8 - 
53.52 (s) 8 -65.57 (s). ESI (negative mode) m/z calcd for C 6 H6BF 3 N" 160.0, found 159.8. 

2) The Construction of a Thiophilic Boronating Reagent: 

4-(2-Bromoacetamido (4,4,5,5-TetramethyI-l J 3 5 2-dioxaborolan-2-yl)Benzene, 4- 

(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)aniline (100 mg, 0.46 mmol) was dissolved 
in CH 2 C1 2 (1 mL, dried over CaH 2 ). Bromoacetyl bromide (44 jml, 0.51 mmol) was added 
to this solution while stirring at room temperature. This solution was stirred at room 
temperature for an additional 30 min before being diluted with 9 mL more CHCI3. The 
resulting mixture was washed three times with 10 mL of water. The final wash had a pH of 
5.5. The organic layer was dried over sodium sulfate, filtered, and concentrated under 
vacuum. The resulting solid was a beige powder. *H NMR (400 MHz, CDC1 3 ) 8 8.24 (s, 
1H), 8 7.77 (d, J=8 Hz, 2H), 8 7.53 (d, J=8 Hz, 2H), 8 3.98 (s, 2H), 8 1.29 (s, 12H). U B 
NMR (400 MHz, D 2 0, BF 2 OEt 2 ref) 8 3 1 .36 (s). ' 

3) The Synthesis of a Boron-based DNA Prototype 18 F Synthon: 

An oligodeoxyribonucleotide (ODN) of sequence 5'-TTTrCTTTTCCCCCC-3 5 
bearing a 5 7 thiophosphate was synthesized using standard automated solid-phase methods 
on applied Biosystems DNA synthesizers by the Nucleic Acids and Protein Synthesis 
(NAPS) unit at UBC. 

A 1 mM solution of the ODN (20 jliL H 2 0 solution, 20 nmol), Tris(2-carboxyethyl)- 
phosphine HC1 (3.6 pi H 2 0 solution, 100 nmol, pH adjusted to 7.0 with Triethylamine, 
PIERCE chemicals) was added. This solution was allowed to sit at room temperature for 5 
min before 4-(2-Bromoacetamido (4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)Benzene 

(3.6 |LiL, 120 nmol) was added. This mixture was allowed to sit at room temperature for 16 
hours. 
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The reaction was desalted over a G-25 spin column. Purification of the boronic- 
ester-containing ODN conjugate was achieved by drying down the desalted ODN and 
resuspending it in 30 jxl of a 10 mM EDTA (pH 8), 95% formamide, 4% H 2 0, 0.5% 
bromophenol blue 0.5% xylene cyanol, then loading the solution onto a 7 M urea 20 % 
29:1 bis: acrylamide polyacrylamide (D-PAGE) gel. DNA was imaged through UV 
shadowing and eluted from gels by using the crush and soak method with 1 % LiClCV 0.7 
mM NEt3. The eluant was dried, resuspended in water and precipitated with 1% LiClCMn 
acetone They were washed twice with ethanol before being desalted over a G-25 spin 
column. 

P-labeling of this ODN was done with Terminal Deoxynucleotide Transferase (New 
England Biolabs) and a 32 P ddATP. PAGE analysis of the boronation reaction revealed 
that more than 80% of the thiophosphate ODN was converted to the boronic-ester- 
conjugated ODN. The relative mobility of the boronic-ester-conjugated ODN was retarded 
against the unlabeled thiophosphate ODN control. The synthesis of the thiophosphate 
ODN by NAPS was not clean as an extra band, which could not be labeled, was observed 
in both the control and the boronic-ester-conjugated ODN lanes in the PAGE analysis. 

4) Initial Kinetic protocol Investigations for optimal Boron-based 18 F-DNA labeling 

Prior to I8 F-labeling on the final DNA compound, dilute labeling conditions were 
developed for 4-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl) aniline with cold 19 F and the 
expectation that these labeling conditions can be extrapolated onto l8 F studies. The 
general conditions established are as follows: 200 mM Acetic acid at pH 3.5, with 2 mM 
boron compound, and 20 mM KHF2. In these conditions, between 2 and 3 fluorine atoms 
were picked up by the small boron molecule (<j>BF 3 ). 19 F NMR (300 MHz, D 2 0, TFA ref) 8 
-53.89 (s, KHF 2 , 77 % of fluorine integral), 8 -62.50 (s, 4>BF 3 , 33% of fluorine integral). 
Spectroscopic studies showed a protecting group hydrolysis rate of 0.66 ± 0.04 min 1 in 
these conditions. Kinetics of fluorination in 100 mM Acetic acid at pH 3.5 showed that the 
rate of fluorination was 2.8 ± 0.3 min" 1 in these conditions. The persistence of a 19 F NMR 
peak near 8 -66 despite a 20 mM boric acid chase, or in fluorination in the presence of 20 
mM boric acid indicates that the B-F <J)BF3 bond is stable. Fluorination after a 20 mM boric 
acid chase (chase at lh, NMR taken at 2h): 19 F NMR (300 MHz, D 2 0, TFA ref) 8 -50.23 
(fluorine-boric acid species #1), 8 -53.89 (KHF 2 ), 8 -62.3 (fluorine-boric acid species #2), 8 
-66.30 (s, (j)BF 3 ). Fluorination in the presence of boric acid: l9 F NMR (300 MHz, D 2 0, 
TFA ref) 8 -50.02 (fluorine-boric acid species #1), 8 -52.47 (KHF 2 ), 8 -62.0 (fluorine-boric 
acid species #2), 8 -65.65 (s, <|>BF3). 
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